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Executive  Summary 

This  report  provides  a  final  description  of  work  undertaken  as  part  of  Center  of  Excellence  in 
Neuroergonomics,  Technology,  and  Cognition  (CENTEC)  at  George  Mason  University  (GMU). 
CENTEC  was  funded  jointly  by  the  Air  Eorce  Office  of  Scientific  Research  (AEOSR)  and  the  Air 
Eorce  Research  Eaboratory  (AERE).  Program  Managers  were  Dr.  James  Eawton  (AEOSR)  and 
Dr.  Scott  Galster  (AERE).  The  original  Principal  Investigator  (PI)  and  Director  of  CENTEC  was 
Dr  Raja  Parasurman,  who  passed  away  unexpectedly  in  early  2015.  Dr  James  Thompson  was 
appointed  PI  and  Director  for  the  remainder  of  the  period  of  award. 

The  major  goal  of  CENTEC  was  to  conduct  theory-based  research  in  neuroergonomics  to 
support  the  US  Air  Eorce  mission  of  enhanced  human  effectiveness  in  air,  space,  and  cyberspace 
operations.  This  final  report  describes  the  major  CENTEC  research  efforts  over  the  five  years  of 
award  in  support  of  that  mission.  It  also  describes  graduate  student  and  postdoctoral  fellow  training 
as  well  as  scientific  collaborative  activities  with  AERE.  This  report  covers  the  period  of  July  15, 
2010  through  July  14,  2016.  Einancial  reports  have  been  sent  separately. 

The  CENTEC  Project  areas  and  GMU  Project  Eeads  were  as  follows: 

1.  Molecular  Genetic  and  Neuroimaging  Studies  of  Complex  Cognition  (Greenwood, 
Parasuraman). 

2.  Computational  Analysis  of  Neural  Mechanisms  of  Eeaming  and  Memory  (Ascoli). 

3.  Interruptions  and  Multi-Tasking  (Boehm-Davis). 

4.  Multimodal  Cognition  (Baldwin). 

5.  Neuroadaptive  Systems  (Shaw). 

6.  Training  the  Brain  (Greenwood,  Parasuraman). 

This  report  provides  an  overview  of  the  activities  in  each  of  these  Projects,  including  experiments 
jointly  designed,  executed,  and  published  by  GMU  and  AERE  scientists,  as  described  in  sections 
1-6.  Training  of  graduate  students  and  postdoctoral  fellows  associated  with  each  Project  area  is 
also  described.  Publications  and  paper  presentations  are  listed  in  section  7.  Project  Eeads  in  each 
Project  area  have  also  met  with  AERE  personnel  and  conducted  joint  studies  and  made  plans  for 
future  collaborative  research  past  the  end  of  the  award  period.  In  addition  to  these69  Project  areas, 
a  number  of  other  collaborative  GMU-AERE  research  activities  are  described  throughout  the 
report.  Note  that  considerable  cross-fertilization  has  also  taken  place  between  these  areas,  so  that 
some  studies  span  more  than  one  project  area.  In  addition,  training  of  graduate  students  and 
postdoctoral  fellows,  as  well  as  collaborative  activities  with  AERE  scientists,  has  also  taken  place 
both  within  and  across  Project. 
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Notable  Scientific  Breakthroughs 

•  A  collaboration  with  Ryan  Jankord  (WPAFB)  using  mice  identified  a  human  gene  with  a 
previously  unknown  role  in  working  memory,  a  novel  and  important  finding. 

•  A  study  of  episodic  memory  training  is  the  first  to  demonstrate  that  episodic  memory  can 
be  trained  by  the  formation  and  retrieval  of  new  memories. 

•  Previous  research  has  shown  that  people  completing  procedural  tasks  can  overcome  the 
deleterious  effects  of  interruptions  given  sufficient  time.  Our  research  is  the  first  to  show 
that  this  does  not  seem  to  be  the  case  for  creative,  content  production  tasks,  and  to 
provide  a  theoretical  account  of  why  this  may  be  the  case. 

•  In  the  area  of  reading  comprehension,  we  demonstrated  that  earlier  research,  which 
claimed  that  comprehension  was  immune  to  interruptions  (based  on  interpretations  of 
long  term  working  memory),  was  incorrect.  We  argued  that  earlier  work  focused  on 
recognition  performance,  not  comprehension,  and  were  able  to  show  that  although 
recognition  performance  is  unaffected,  comprehension  is.  This  work  has  generated  some 
controversy  and  an  upcoming  issue  of  the  Journal  of  Experimental  Psychology:  General, 
which  published  the  original  article,  will  publish  a  commentary  by  Delaney  &  Ericsson  as 
well  as  a  rejoinder  from  us. 

•  We  obtained  convincing  evidence  of  a  strong  placebo  effect  in  working  memory  training 
related  to  suggested  recruitment  (Foroughi  et  ah,  2016,  PNAS).  This  study  received 
considerable  news  coverage. 

•  Using  a  search-and-rescue  simulation,  Brian  Falcone  found  that  tDCS  improved 
perceptual  sensitivity  without  affecting  response  bias  in  complex  perceptual  learning. 

This  indicates  that  the  stimulation  resulted  in  neural  modulation  rather  than  increased 
general  arousal  (Callan,  Falcone  et  ah,  2016,  Frontiers  in  Human  Neuroscience',  Falcone 
et  ah,  submitted). 

Awards  and  Honors 

•  The  Jerome  H.  Ely  Human  Factors  Article  Award  was  awarded  to  Raja  Parasuraman, 
Brian  Kidwell,  Ryan  Olmstead,  Ming-Kuan  Fin,  Ryan  Jankord,  and  Pamela  Greenwood 
for  their  paper,  "Interactive  Effects  of  the  COMT  Gene  and  Training  on  Individual 
Differences  in  Supervisory  Control  of  Unmanned  Vehicles." 

Awards  to  Raja  Parasuraman. 

•  2012:  Celebration  of  Scholarship  Award  for  Directorship  of  CENTEC  and  Outstanding 
Professional  Achievement  and  Dedication  to  George  Mason  University,  College  of 
Humanities  and  Social  Sciences. 

•  2012:  Outstanding  Educator  Award,  International  Ergonomics  Association  Triennial 

Awards  to  Deborah  Boehm-Davis 
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•  Member,  “Offshore  Oil  and  Gas  Safety  Culture  Framing  Study”  eonducted  by  the 
Transportation  Research  Board  of  the  National  Academies. 

•  Member,  Organization  of  Scientific  Area  Committees  Human  Factors  Committee, 
National  Institute  of  Standards  and  Technology,  2014  -  present 

•  Member,  Intelligence  Science  and  Technology  Experts  Group  (ISTEG).  This  group  was 
developed  by  the  National  Academies  of  Sciences,  Engineering,  and  Medicine  to  support 
the  Office  of  the  Director  of  National  Intelligence,  2015  -  present 


Awards  to  Cyrus  Foroughi 

•  Recipient,  CEDM  Travel  Award  from  the  Cognitive  Engineering  and  Decision-Making 
Technical  Group  of  the  Human  Eactors  and  Ergonomics  Society. 

•  APA  Early  Graduate  Student  Researcher  Award,  2015 

•  OSCAR  Graduate  Student  Mentor  Award,  2015 

•  HEES  Student  Member  with  Honors,  2015 


Awards  to  Nicole  Werner 

•  Selected  attendee,  Johns  Hopkins  University  School  of  Nursing  Center  for  Innovative 
Care  in  Aging  Summer  Research  Institute  -  Developing  Behavioural  interventions 

•  Einalist,  International  Ergonomics  Society  2011  KU  Smith  Student  Paper  Award 

•  Selected  Scholar,  Telluride  Patient  Safety  Summer  Camp  Eeadership  Roundtable 

•  Human  Eactors  and  Ergonomics  Society  Student  Member  with  Honors  Award 

•  Briggs  Dissertation  Award,  American  Psychological  Association  Division  21,  Applied 
Experimental  and  Engineering  Psychology 

•  Applied  Ergonomics  Best  Paper  Award,  2015 


Awards  to  Brian  Falcone 

•  Eellowship  Award,  National  Science  Eoundation  (NSE)  East  Asia  and  Pacific  Summer 
Institutes,  2014 

•  Best  Student  Paper  Award,  Human  Eactors  and  Ergonomics  Society,  Augmented 
Cognition  Technical  Group,  2013 

•  Student  Grant  Award,  Human  Eactors  and  Ergonomics  Society,  Augmented  Cognition 
Technical  Group,  2011 

Awards  to  Ryan  McKendrick 

•  Air  Eorce  Scholar,  CENTEC. 

•  Second  best  paper  from  the  Cognitive  Engineering  and  Decision  Making  Technical 
Group  of  the  Human  Eactors  and  Ergonomics  Society  (HEES),  2011 
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Project  1:  Molecular  Genetic  and  Neuroimaging  Studies  of  Complex  Cognition 
(Parasuraman  and  Greenwood) 

1.1  Research 


CENTEC  support  was  instrumental  to  this  project  in  supporting  our  collaboration  with 
Ryan  Jankord  at  Wright-Patterson  Air  Eorce  Base  (WPAEB).  That  collaboration,  described 
below  under  "'Discovery  of  novel  genes  with  a  role  in  human  cognition,"  used  genetic  work  in 
mice  to  identify  a  human  gene  with  a  heretofore  unknown  role  in  memory. 

Role  of  neuro  transmitter  genes  in  individual  differences  in  performance  of  complex  cognitive 
tasks 

Over  the  life  of  CENTEC  our  goals  in  Project  1  were  to  (a)  extend  our  previous  studies  on 
the  genetics  of  cognition  to  cognitive  tasks  of  Air  Eorce  relevance  and  (b)  identify  novel  genes 
with  a  role  in  cognitive  performance.  Regarding  the  first  goal,  we  reported  on  the  effects  of 
normal  variation  in  the  DBH  gene  on  performance  on  a  command-and-control  task  (Parasuraman 
et  ah,  2012),  the  effects  of  variation  in  the  COMT  gene  on  supervisory  control  of  unmanned 
vehicles  (Parasuraman  et  ah,  2014),  and  were  the  first  to  report  the  combined  effect  of  COMT 
and  DBH  genes  on  extracellular  dopamine  and  working  memory  (Greenwood  et  ah,  2014).  We 
also  found  that  ability  to  navigate  in  a  wilderness  setting  depends  less  on  sense  of  direction  and 
more  on  episodic  memory  (modulated  by  a  KIBRA  SNP)  and  ability  to  focus  attention 
(modulated  by  a  CHRNA4  SNP,  Greenwood  et  ah,  2012;  Rovira,  Mackie,  Clark,  Squire, 
Hendricks,  Pulido,  Greenwood,  2016).  Using  another  “real-world”  measure,  our  group  obtained 
the  first  evidence  implicating  the  oxytocin  receptor  OXTR  SNP  (rs53576)  in  human  trust 
behavior  (Krueger,  Parasuraman  et  ah,  2012).  Our  findings  of  effects  of  normal  genetic  variation 
on  cognitive  performance  in  military  simulations  are  relevant  both  for  selection  of  people  for 
specific  tasks  and  for  tailoring  of  training  to  specific  processing  weaknesses  associated  with 
genotype. 

Epigenetic  changes  in  peripheral  monocytes  related  to  episodic  memory  formation 

Our  work  described  above  shows  that  normal  genetic  variation  contributes  to  individual 
differences  in  cognitive  performance,  including  in  real-world  complex  tasks  such  as  unmanned 
vehicle  control.  However,  allelic  association  studies  cannot  reveal  the  effects  of  dynamic 
changes  in  gene  expression.  There  is  evidence  that  epigenetic  marks  are  subject  to  environmental 
influences,  including  new  memory  formation.  There  is  reason  to  predict  epigenetic  effects  of 
memory  formation  are  detectable  in  human  peripheral  tissues.  DNA  methylation  changes  related 
to  parental  care  have  been  measured  in  vivo  in  human  lymphocytes  in  blood.  Based  on  this  and 
other  work,  we  hypothesized  that  training  on  episodic  memory  formation  and  retrieval  would  (a) 
improve  episodic  memory  performance  and  b)  be  related  to  changes  in  DNA  methylation 
(assessed  across  the  genome)  in  peripheral  blood  mononuclear  cells.  DNA  methylation  of 
monocytes  will  differ  between  episodic  memory-trained  and  control  groups.  Data  collection  was 
recently  completed  showing  the  effectiveness  of  store- and-retrieve  episodic  memory  training  on 
memory  performance.  DNA  methylation  analysis  is  being  planned.  (Aaron  Booth,  Masters 
thesis  defended  July,  2016;  Booth,  Eipsky,  Ein,  Parasuraman  &  Greenwood,  in  preparation) 
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Discovery  of  novel  genes  with  a  role  in  human  cognition 

To  advance  the  second  goal  of  Project  1  to  identify  novel  genes  with  a  role  in  cognitive 
performance,  we  collaborated  with  Ryan  Jankord  and  Kevin  Schmidt  at  WPAFB.  Most  studies 
of  cognitive  genetics  are  carried  out  on  a  relatively  small  number  of  known  SNPs,  most  in 
neurotransmission  genes.  For  the  field  to  advance,  it  is  important  to  identify  novel  genes.  One 
approach  involves  use  of  the  genome- wide  allelic  study  approach  (GWAS)  which  is  not  well- 
suited  for  cognitive  phenotype  due  to  the  need  for  tens  of  thousands  of  participants.  To  date, 
application  of  this  approach  to  cognition  has  not  found  SNPs  reaching  genome-wide 
significance,  in  part  because  samples  of  cognitively  characterized  individuals,  limited  to  IQ,  are 
not  large  enough  for  GWAS.  We  used  a  different  approach.  Collaborating  with  Ryan  Jankord, 
our  approach  to  identifying  novel  gene  lists  used  BXD  recombinant  inbred  mice  to  model 
individual  differences  in  cognition  which  were  correlated  to  sections  of  DNA  on  the 
chromosomes  through  quantitative  trait  loci  (QTL)  analysis.  Jankord’s  lab  used  QTL  mapping  to 
successfully  identify  candidate  genes  associated  with  Morris  water  maze  performance  in  both 
control  and  chronic  stress  conditions.  Using  this  approach,  the  FTCD  gene  (encodes  the  protein 
form!  mi  n  otran  sferase  cyclodeaminase)  was  found  within  a  correlation  peak  on  chromosome  10 
in  both  control  and  high  environmentally  stressed  mice  and  was  selected  for  human  analysis.  We 
then  tested  this  gene  in  humans.  Based  on  the  literature  we  selected  SNPs  rs9 14246  and 
rs9 14245  and  analyzed  them  in  a  human  allelic  association  study  using  our  stored  DNA  and 
associated  working  memory  data  (702  healthy  males  and  females  aged  17  -  90).  Group  effects 
on  accuracy  (3  levels  of  load  and  3  levels  of  difficulty)  were  significant  for  both  SNPs.  A 
reporter  gene  assay  in  mammalian  cell  lines  and  human  primary  neuron  cultures  was  used  to 
determine  which  SNP  was  important.  The  C  allele  of  the  rs9 14246  SNP  introduced  significantly 
higher  expression  of  Firefly  luciferase  than  the  A  allele.  This  indicates  that  the  rs9 14246 
genotype  is  the  main  factor  regulating  FTCD  gene  expression.  This  mouse  to  human  approach 
has  the  potential  to  increase  knowledge  of  molecular  mechanisms  modulating  working 
memory — offering  novel  genetic  predictors  of  WM  performance  and  pathways  for  WM 
interventions.  (Schmidt,  Jankord,  Lin,  Parasuraman,  Greenwood,  2015). 

Neuroimaging 

Neuroimaging  is  fundamental  to  a  number  of  our  projects,  including  several  described  in 
Project  6  (which  has  the  same  investigators  as  Project  1)  that  used  neuroimaging  to  measure 
brain  changes  related  to  training  (e.g.  Cisler  et  ah,  2015;  Strenziok  et  ah,  2014).  In  Project  I, 
several  studies  used  functional  near  infrared  spectroscopy  (fNIRS)  in  investigations  of  workload 
in  real-world  tasks.  fNIRS  provides  a  low-cost  method  of  measuring  brain  activation.  Using  this 
method,  Ryan  McKendrick  found  non-linear  increases  in  the  cerebral  hemodynamic  response  in 
left  dorsolateral  and  right  ventrolateral  prefrontal  cortex  over  the  course  of  working  memory 
training  (Ayaz  et  ah,  2013;  McKendrick  et  ah,  2014,  2015).  This  method  is  well-suited  to 
measuring  workload  during  real-world  tasks.  Using  a  portable  fNIRS,  the  same  group  was  able 
to  determine  that  a  navigation  method  that  used  an  “augmented  reality  wearable  display”  had 
lower  workload  compared  to  a  cell  phone  (McKendrick  et  ah,  2016). 

1.2  Training 

Two  postdoctoral  fellows  contributed  to  Project  1,  Maren  Strenziok  (MRI)  and  Ming-Kuan 
Lin  (molecular  genetics).  Several  doctoral  students  also  worked  Project  1  required  the  training 
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of  several  students  in  DNA  collection,  processing,  and  genotyping.  Masters  student  (and 
SMART  scholar,  currently  at  WPAFB)  Kevin  Schmidt  and  GMU  undergraduates  Amanda 
Harwood,  Aaron  Booth,  and  David  Maisel. 

1.3  Collaborative  activities 


For  the  FTCD  project  we  collaborated  with  Ryan  Jankord,  and  Kevin  Schmidt  at  WPAFB. 
Dr.  Jankord  conducted  the  QTL  mapping  work  with  the  BXD  mice.  Kevin  Schmidt,  then  a 
GMU  grad  student,  worked  with  our  human  samples.  For  the  epigenetics  study,  we  collaborated 
with  Robert  Lipsky  and  Ming  Kuan-Lin  of  the  Krasnow.  Hasan  Ayaz  of  Drexel  University  was 
instrumental  in  the  fNIRS  work  with  Ryan  McKendrick. 

Project  2:  Computational  Analysis  of  Neural  Mechanisms  of  Memory  (Ascoli) 

2.1  Research 


The  Hippocampome.org  team  has  continued  to  mine  the  ever-expanding  body  of  literature 
for  information  pertaining  to  neuron  types  in  the  rodent  hippocampus.  The  knowledge  we  have 
accumulated  is  a  set  of  more  than  120  neuron  types  with  information  about  morphology, 
molecular  marker  expression,  electrophysiological  parameters  and  firing  patterns,  plus  known 
and  potential  connectivity.  In  each  of  these  project  facets,  the  bioinformatics  PhD  student 
directly  supported  by  CENTEC  (Christopher  Rees)  played  a  direct  role  in  mining,  vetting,  and/or 
graphically  representing  the  data.  In  all,  the  Hippocampome.org  knowledge  base  currently 
contains  information  from  -500  peer-reviewed  articles  and  book  chapters;  thousands  more 
sources  have  been  examined  and  found  to  be  outside  the  current  scope  of  the  project. 

The  gathered  data  is  organized  in  a  database  that  is  browsable  via  a  freely  accessible  web 
portal  at  www.hippocampome.org. 

Amassing  this  information  into  a  centralized  resource  facilitates  analyses  that  can  lead  to  new 
discoveries.  CENTEC  integrally  supported  three  particular  analysis  avenues,  which  are  discussed 
at  length  below. 

Eirst,  we  explored  pairwise  correlations  between  148  properties  of  neuronal  types, 
including  the  major  neurotransmitter,  the  axonal,  dendritic,  and  somatic  locations  in  the  26 
partitions  and  the  6  subregions  of  the  hippocampal  formation,  clear  positive  or  negative 
expression  of  36  molecular  biomarkers,  and  having  extremely  high  or  low  preferred  values  for 
10  electrophysiological  properties.  We  tested  for  correlations  between  these  categorical 
properties  by  utilizing  contingency  tables  and  Barnard’s  exact  test  to  unveil  new,  statistically 
significant  relationships  and  confirm  previously  held  understandings. 

Secondly,  Hippocampome.org  contains  comprehensive  knowledge  of  hippocampal  type- 
based  circuitry.  We  have  compiled  information  on  network  connectivity  in  two  stages:  by  (1) 
literature  mining  for  experimentally  verified  data  on  synapses  (or  lack  thereof)  between  neuron 
types;  and  (2)  determining  the  binary  (and  later,  weighted)  potential  for  synapsing  that  arises 
from  a  spatial  overlap  of  axons  and  dendrites  of  any  two  types.  We  then  analyzed  the  resulting 
network  by  employing  graph  theory  metrics  (e.g.  degree  distribution,  betweenness  centrality, 
rich  club  coefficient,  and  motif  composition,  among  others)  to  uncover  the  fundamental 
architectural  principles  of  the  network. 

The  motif  composition  analysis,  in  particular,  was  computationally  intensive,  and  we  took 
advantage  of  our  CENTEC-fostered  partnership  with  the  military  to  utilize  DoD  High- 
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Performance  Computing  (HPC)  resources.  Specifically,  porting  our  network  motif  analysis  code 
to  the  Navy’s  Kilrain  supercomputer  drastically  reduced  the  computation  time  for  the  generation 
of  a  statistically  significant  set  of  random  “control”  networks  for  comparison  of  their  motif 
composition  to  the  Hippocampome.org  network.  Furthermore,  using  new  measures  like 
absorption  and  driftness,  we  began  investigating  the  relationship  between  network  topology  and 
the  dynamic  behaviors  of  information  flow,  with  the  hopes  of  furthering  intuition  on 
hippocampal  operation. 

Third,  in  certain  cases  where  molecular  marker  expression  information  from  the  literature 
cannot  be  directly  ascribed  to  one  of  our  neuron  types,  we  still  may  be  able  to  use  inferential 
logic  to  match  the  expression  data  to  a  set  of  applicable  types.  This  may  be  the  case  when  the 
authors  did  not  fully  describe  or  provide  references  that  describe  the  morphology.  For  instance, 
data  on  the  co-expression  or  lack  of  co-expression  (i.e.  mutual  exclusivity)  of  one  marker  with  a 
second  in  a  certain  parcel  (or  parcels)  can  be  used  to  infer  information  without  the  need  of  a 
direct  assay  of  marker  expression  by  a  particular  neuron  type.  In  such  a  circumstance,  as  long  as 
the  first  marker  is  known  to  be  positively  expressed  for  any  neuron  type,  the  second  marker  can 
be  reasonably  inferred  to  be  expressed  (in  the  case  of  co-expression)  or  not  expressed  (in  the  case 
of  mutual  exclusivity).  Such  inferences  can  also  be  applied  in  their  contrapositive  form,  and 
multiple  inferences  can  even  be  chained  together.  With  CENTEC  support,  we  gathered  these 
inferences  and  built  the  system  that  applies  their  logic.  Currently,  inferences  such  as  those 
described  here  increase  the  molecular  marker  information  in  the  knowledge  base  by 
approximately  33%. 

2.2  Training 

This  project  supported  one  full  time  PhD  student  in  Bioinformatics,  Christopher  Rees,  with 
partial  tuition  support  for  a  second  PhD  student  in  biopsychology,  Robert  (Bob)  Gardner.  Both 
doctoral  students  supported  by  this  project  are  approaching  graduation:  Christopher  Rees 
(Bioinformatics)  on  graph  theory  &  network  analysis,  and  Robert  (Bob)  Gardner  (Psychology) 
on  human  memory  and  rat  behavior.  Several  other  graduate  students  are  also  indirectly  involved 
in  the  project  (although  not  funded  by  CENTEC):  Ben  Holmes  (Wright  State  Univ.)  on 
hippocampome  applications,  David  Hamilton  (Neuroscience)  for  the  neuroinformatics  portal, 
Siva  Venkadesh  (Neuroscience,  Presidential  fellow)  on  firing  dynamics,  Sean  Mackesey  (MS  in 
Bioinformatics,  now  at  Berkeley)  on  neuron  counts.  Postdoctoral  trainees  include  Dr.  Dick 
Wheeler  (team  lead).  Dr.  Alexander  Komendantov  (electrophysiology).  Dr.  Charise  White 
(biomarkers),  and  Dr.  Alexei  Samsonovich  (functional  modeling). 

2.3  Collaborative  Activities 


The  3-yr  Laboratory  Research  Initiation  grant  “Computational  Modeling  in  the  Biological 
Band:  Integrating  Computational  Cognitive  Neuroscience  into  the  Human  Effectiveness 
Directorate”  started  at  AFRL,  with  Dr.  Tim  Halverson  as  Task  Manager,  and  Dr.  Ascoli 
committing  a  1.5  months/year  effort.  Dr.  Ascoli  fielded  weekly  calls  with  Dr.  Halverson  and  Mr. 
Ben  Holmes  (a  PhD  student  at  Wright  State  Univ.  and  research  intern  at  AREL)  and  hosted  Mr. 
Holmes  at  GMU  for  a  9-day  visit  in  Eall  2013  for  a  Hippocampome  crash-course,  presentation 
seminar,  and  sharing  database/server  access.  Mr.  Holmes  also  attended  weekly  “pow-wow” 
technical  meetings  by  teleconference  with  3  postdocs  and  3  PhD  students  (“Hippocampome 
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team”)  in  Ascoli’s  lab.  A  senior  postdoe  from  Aseoli’s  Lab,  Dr.  Charise  White,  visited  AFRL  in 
Dayton  for  3  days  in  Spring  2013.  Dr.  Ascoli  paid  a  1-day  visit  to  AFRL  in  Spring  2014  to 
discuss  Hippocampome  applications  of  potential  interest  to  WPAFB,  and  Dr.  Halverson  visited 
Ascoli’s  lab  in  Fairfax  2  weeks  later.  The  two  labs  regularly  exchanged  reports,  technical 
documents  (e.g.  release  specifications,  SfN  posters,  manuscript  drafts),  and  email  feedback.  In 
the  course  of  these  interactions,  several  collaborative  threads  were  identified,  including  (1)  use  of 
hippocampal  modeling  in  spatial  navigation  &  memory  processing,  (2)  browsing/searching  of 
hippocampus  neuron  type  data  and  knowledge,  (3)  specific  application  of  chemical  biomarkers 
(e.g.  NPY  /  stress),  (4)  upload  of  hippocampus  parameters  into  knowledge  base,  (5)  shared  use 
and  development  of  web  portal  and  database,  and  (6)  pursuit  of  joint  funding  opportunities. 

The  collaboration  with  ARFL  DoD  Supercomputing  Resource  Center  (POC:  W.  Larkin)  is 
still  ongoing  for  remote  usage  of  Spirit  at  WPAFB  (73,440  CPUs/L5  petaflops  -  the  14th  fastest 
computer  in  the  world  and  fastest  machine  for  unclassified  work.  In  addition  to  the  collaboration 
with  WPAFP,  Dr.  Ascoli  has  a  continuing  Cooperative  Research  And  Development  Agreement 
with  Dr.  David  Marchette  from  the  Dahlgren  NSWC.  Lastly,  a  "Robust  Intelligence"  3-year 
collaborative  grant  with  Dr.  Ken  Delong  (former  CENTEC  sub-project)  was  funded  this  year  by 
NSE  for  network  fine-tuning. 

Project  3:  Interruptions  and  Multi-tasking  (Boehm-Davis) 

3.1  Research 
Interruptions 

Eew  of  us  have  the  luxury  of  working  without  interruptions  of  one  sort  or  another.  In  most 
workplaces,  jobs  arrive  independent  of  jobs  already  in  the  queue,  workers  need  to  consult  with 
each  other  to  pursue  parallel  work  streams,  and  jobs  are  suspended  when  parts  or  information 
needed  are  not  readily  available.  In  short,  interruption  is  the  norm  in  almost  all  work 
environments.  Although  interruptions  have  been  the  focus  of  much  research,  the  findings  have 
been  incongruent.  A  majority  of  research  has  found  interruptions  to  be  disruptive  to 
performance  on  a  task,  leading  to  an  increased  time  on  task  and  errors.  However,  other  studies 
have  pointed  to  intermptions  as  facilitating  performance.  Clearly,  there  are  relationships  that 
still  need  to  be  explored  as  well  as  mediating  factors  that  may  be  determining  these  disparate 
outcomes. 

Over  the  course  of  this  project,  we  developed  a  model  that  allowed  us  to  capture  known 
relationships  between  characteristics  of  interruptions  and  performance  outcomes.  We  then 
expanded  the  model  to  account  for  characteristics  that  have  not  yet  been  explored  in  the 
literature.  We  have  also  examined  factors  that  play  a  role  in  successful  resumption  of  a  task. 
Specifically,  we  have  been  focusing  on  whether  resumption  is  guided  primarily  by  the  retrieval 
of  goals  from  memory  or  by  cues  present  in  the  environment.  We  expanded  this  work  to  include 
more  naturalistic  settings.  The  task  we  chose  was  specifically  designed  to  present  realistic 
representations  of  decisions  soldiers  make,  as  well  as  test  their  recognition  of  threats.  This  study 
required  extensive  collaboration  between  AERE  and  GMU.  This  work  demonstrated  that  the 
findings  we  were  seeing  in  the  laboratory  held  up  when  “quality”  was  defined  as  making  a  good 
decision  in  a  threatening  environment. 

We  have  also  explored  the  measurement  of  “overall  quality”  in  the  laboratory.  Most 
interruptions  research  has  been  focused  on  the  time  required  to  resume  a  task  and  errors  made  at 
the  point  of  resumption  on  tasks  that  do  not  require  significant  integration  of  information  over 
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time.  However,  many  decisions  or  products  that  people  care  about  in  the  workplace  have  this 
characteristic.  For  example,  in  a  military  setting,  it  is  likely  more  important  that  an  operator 
make  the  correct  decision  about  whether  observed  threats  in  an  environment  signal  an  attack  than 
about  whether  that  decision  is  made  in  5  versus  8  seconds  (although  timing  can  also  be 
important).  In  business  settings,  the  quality  of  a  report  is  likely  more  important  than  whether  it 
took  the  individual  writing  it  2  hours,  or  2  hours  and  10  minutes.  A  similar  case  can  be  made  in 
academia;  the  quality  of  the  final  paper  is  more  important  than  the  amount  of  time  it  took  the 
student  to  write  it. 

Thus,  we  began  to  focus  on  tasks  beyond  the  procedural  tasks  used  in  most  interruptions 
research.  In  this  work,  we  completed  a  series  of  studies  examining  the  impact  of  interruptions  on 
the  quality  of  essays  produced  under  either  interrupted  or  non-interrupted  conditions.  We  found 
that  being  interrupted  while  outlining  or  writing  an  essay  reduces  the  final  quality  of  that  essay 
compared  to  when  not  interrupted.  A  secondary,  unexpected  finding  revealed  that  interruptions 
also  significantly  reduced  the  amount  of  content  produced  in  the  essays.  As  a  result,  we  extended 
this  research  line  examining  how  interruptions  affect  the  amount  of  content  created  in  creative 
tasks.  In  this  work,  we  collected  data  on  participants  completing  the  Alternate/Unusual  Use  Task 
developed  by  Guilford.  Here  again,  we  found  that  interruptions  had  a  significant  negative  effect 
on  the  amount  of  content  produced. 

In  a  separate  line  of  research,  we  investigated  how  noninvasive  brain  stimulation  from 
transcranial  direct  stimulation  (tDCS)  could  affect  interrupted  task  performance.  Because 
interruptions  and  multitasking  in  general  rely  heavily  on  working  memory  (and  the  brain 
networks  governing  working  memory  such  as  the  prefrontal  cortex),  we  showed  that  anodal 
stimulation  of  the  prefrontal  cortex  significantly  reduces  the  time  it  takes  to  resume  tasks 
following  interruptions.  Similarly,  we  showed  that  stimulating  the  posterior  parietal  cortex  can 
significantly  reduce  the  number  of  errors  made  when  resuming  a  task  following  an  interruption. 

Finally,  we  conducted  a  series  of  studies  investigating  the  impact  of  interruptions  on 
reading  comprehension.  This  work  contradicted  much  of  the  existing  literature  in  this  area, 
which  claimed  that  reading  was  immune  to  interruption  decrements  due  to  peoples’  expertise  in 
reading.  Our  research  showed  that  when  comprehension  performance  is  distinguished  from 
recognition  performance,  decrements  are  seen.  We  extended  this  work  to  show  that  individuals 
with  high  working  memory  capacity  do  not  show  decrements  following  interruptions  for 
comprehension  or  recognition  while  individuals  with  low  working  memory  capacity  show 
decrements  for  both.  Thus,  we  revealed  that  limitations  in  working  memory  may  be  a  possible 
mechanism  mediating  interrupted  task  performance. 

Multitasking  Research 

In  the  area  of  multitasking,  we  examined  multitasking  performance  and  eye  gaze  patterns 
to  provide  some  insight  into  the  relationship  between  different  tracking  strategies  and  task 
performance.  We  have  been  particularly  interested  in  the  extent  to  which  individuals  of  different 
ages  use  different  strategies  in  performing  multiple  tasks  simultaneously.  There  has  been 
extensive  research  investigating  performance-related  differences  in  multitasking  associated  with 
age,  and  while  there  has  been  specific  work  looking  at  the  relationship  between  age  and 
psychophysical  behaviors,  such  as  eye-movements  in  applications  like  reading,  very  little  has 
been  done  to  relate  these  behaviors  to  multitasking.  Our  work  sought  to  bridge  this  gap.  We 
found  that  older  adults  exhibit  a  more  focused  pattern  of  fixations  in  a  multitask  environment 
than  younger  adults,  who  demonstrate  a  significantly  more  diffuse  pattern  of  fixations. 
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Perceptual  Cueing 

Finally,  our  research  team  was  engaged  in  a  collaborative  effort  between  AFRL  and  GMU 
where  we  examined  the  relative  usefulness  of  2-D  versus  3-D  cueing  to  help  guide  participants 
and  improve  performance  in  a  multitask  paradigm.  This  work  suggests  that  3-D  cuing  does  not 
improve  performance  above  that  seen  for  2-D  versus  simulated  3-D  cuing.  The  data  therefore 
suggest  that  simulated  depth  cues  alone  may  be  sufficient  to  improve  task  performance  without 
introducing  additional  task  load. 

3.2  Training 

Over  the  course  of  this  project,  CENTEC  funding  specifically  has  supported  three  doctoral 
students  on  this  project:  Nicole  Werner,  Eric  Nelson,  and  Cyrus  Eoroughi.  In  addition,  William 
(Bill)  Miller,  with  support  from  the  ASEE  SMART  program,  worked  on  this  project.  Einally, 
other  doctoral  students  in  the  Human  Eactors  and  Applied  Program  worked  on  this  project 
without  formal  support,  including  Daniela  Barragan  and  Patrick  Mead. 

A  number  of  undergraduate  students  worked  in  our  laboratory  over  the  course  of  this  project 
and  received  training  under  the  supervision  of  Dr.  Boehm-Davis  and  the  graduate  students 
supported  on  this  project.  They  included:  ,  Zahraa  Akhwand,  Rukhsar  Anjum,  Nohelia  Argote, 
Celine  Asbury,  Roberto  Azanon,  Jack  Belkin,  Aaron  Benson,  Shirley  Borja,  Tori  Chamberlin, 
Jessica  Chang,  Michael  Dawkins,  Maria  D’Agostino,  Mahtab  Earid,  Stacy  Eemandes,  Reema 
Halabi,  Rachel  Hall,  Mark  Cameron  Hatcher**,  Katherine  Herbst,  Beth  Hosek,  Kaitlyn  Hull, 
Alex  Kelly,  Hibah  Khan,  Skylar  Kissam,  Christina  Eau,  Anthony  Eopez**,  Parasteh  Malihi*, 
Justine-Eouise  Manning,  Rod  Morrise,  Adeela  Nasreen,  Theodore  Parks,  Palak  Patel,  Arzo 
Raoufi,  Christine  Sabin,  Carolyn  Serraino*,  Anuj  Sharma,  Khadija  Siddiqui,  Mariam  Talib, 
Dennis  Trammel,  Eliana  Vela,  and  Shannon  Walsh,  Taha  Zafar*. 

Bill  Miller  spent  each  summer  from  2011  through  2015  at  AERE  with  the  711  Human 
Performance  Wing’s  Human  Effectiveness  Directorate.  In  that  capacity,  he  met  with  Drs.  Gloria 
Calhoun,  Terry  Stanard,  Paul  Havig  and  Eric  Geiselman  to  continue  our  CENTEC  research 
collaborations. 

*  denotes  earning  publication  credit 
**  denotes  proceedings  publication  credit 

3.3  Collaborative  Activities 


Over  the  course  of  this  program,  our  project  team  worked  with  Paul  Havig  and  Eric 
Geiselman  regarding  use  of  their  3_D  (and  simulated  3_D)  version  of  the  Multi- Attribute  Task 
Battery  AE_MATB.  We  also  worked  with  Dr.  Gloria  Calhoun  and  members  of  her  team 
(including  Terry  Stanard)  to  do  some  collaborative  work  examining  interruptions  using  a 
military-related  task.  In  this  work,  we  teamed  with  AERE  to  use  imagery  that  they  are  generating 
to  present  more  realistic  representations  of  decisions  soldiers  would  need  to  make,  recognizing 
threats  in  street  scenes  and  making  decisions  about  what  action  to  take. 
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Project  4:  Multimodal  Cognition  (Baldwin) 


4.1  Research  Overview 


This  research  program  had  two  major  tracks.  The  first  one  involved  developing  and 
validating  a  method  of  determining  perceived  urgency  and  annoyance  for  alerts  and  warnings 
across  modalities  (visual,  auditory  and  tactile)  and  then  determining  the  specific  auditory 
parameters  most  critical  to  achieving  both  the  perception  and  appropriate  response  to  time 
critical  warnings. 

The  second  track  involved  examinations  of  behavioral  and  neurophysiological  indices  of 
auditory  spatial  cognition,  including  individual  differences  in  perceptions  of  verbal  versus  spatial 
auditory  cues  within  and  across  spatial  frames  of  reference.  As  described  in  further  detail  below, 
both  of  these  collaborative  tracks  led  to  a  number  of  publications  and  presentations,  graduate 
students  were  trained  in  neuroergonomic  methods  and  applications  in  each  of  these  areas  and 
both  led,  either  directly  or  indirectly  to  further  research  and  additional  external  funding. 

Multimodal  Urgency  Scaling 

We  conducted  multiple,  programmatic,  research  studies  investigating  subjective  and 
behavioral  responses  to  multimodal  alerting  systems.  Subjective  studies  included  investigations 
of  changes  perceptions  of  urgency,  annoyance  and  acceptability  with  changes  in  key  parameters 
of  visual,  auditory  and  tactile  signals,  as  well  as  bimodal  combinations.  In  particular,  measures 
of  utility,  or  the  ratio  of  perceived  urgency  versus  perceived  annoyance,  were  determined. 
Subjective  studies  (Lewis  &  Baldwin,  2012;  Baldwin  &  Lewis,  2013)  indicate  that  manipulations 
of  tactile  signals  have  greater  utility  compared  with  manipulations  of  auditory  parameters  and 
although  manipulations  of  visual  color  showed  high  utility,  they  were  not  generally  perceived  as 
particularly  urgent. 

Behavioral  studies  (Lewis,  Penaranda,  Roberts  &  Baldwin,  2013a,  2013b)  indicated  that 
response  times  in  the  context  of  a  simulated  driving  paradigm  showed  similar  trends  to  those 
observed  for  subjective  measures  of  urgency  in  that  signals  rated  higher  in  urgency  were  also 
typically  responded  to  more  quickly.  In  addition,  bimodal  signals  were  typically  responded  to 
more  quickly  than  unimodal  counterparts  and  the  use  of  multiple  modalities  typically  increased 
the  chance  of  detecting  the  signal. 

Auditory  Spatial  Cognition 

A  series  of  studies  investigated  change  deafness  within  complex  auditory  scenes. 
Specifically,  the  influence  of  differentiating  sounds  on  identity  versus  spatial  location  on  the 
facilitation  of  change  detection. 

Behaviorally,  participants  were  poorer  at  detecting  changes  when  items  in  the  auditory 
scene  were  differentiated  on  spatial  location  alone,  relative  to  identity  alone.  However, 
differentiating  items  on  both  identity  and  spatial  location  facilitated  change  detection  to  levels 
above  those  observed  for  sounds  differentiated  on  identity  alone.  From  an  individual  differences 
perspective,  participants  with  a  strong  Verbal  cognitive  style  had  higher  performance  on 
detecting  changes  to  the  auditory  scene  relative  to  participants  with  a  strong  Visuospatial 
cognitive  style. 

A  follow-up  study  focused  on  the  facilitation  of  change  detection  for  scenes  containing 
identity  and  spatial  information,  relative  to  scenes  containing  identity  information  alone.  Change 
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detection  performance  was  again  facilitated  when  spatial  information  was  added  to  the  auditory 
scene.  Physiologically,  scenes  containing  spatial  information  were  associated  with  decreased 
amplitude  of  the  auditory  NlOO  component  of  the  event-related  potential  (ERP)  to  the  sound 
scene  onset,  as  well  as  an  enhanced  amplitude  of  the  P300  component  of  the  ERP  to  sound 
disappearance.  Taken  together,  these  results  suggest  that  spatialization  of  items  in  the  auditory 
scene  reduces  the  attentional  demand  for  scene  segregation. 

A  second  series  of  investigations  in  this  track  included  examining  perception  and  response 
to  auditory  signals  within  and  across  spatial  frames  of  reference.  This  work  provided  a 
foundation  for  the  dissertation  work  of  Centec  Scholar,  Andre  Garcia. 

Project  5:  Neuroadaptive  Systems  (Shaw) 

5.1  Research 


The  primary  focus  of  project  area  5  has  been  on  exploring  the  feasibility  of  using  measures 
of  hemodynamics  to  assess  attentional  resources  during  cognitive  task  performance.  We’ve  done 
this  using  two  approaches.  Eirst,  multiple  research  studies  were  conducted  to  investigate 
hemodynamic  response  to  a  variety  of  cognitive  tasks,  including  multimodal  displays, 
supervisory  control  simulations,  and  sustained  attention.  Second,  we  explored  a  wide  array  of 
individual  differences  in  neurophysiological  response  to  simple  and  complex  supervisory  control 
taskss.  These  individual  differences  included  examining  working  memory  capacity,  extraversion, 
Neuroticism,  self-control.  The  overarching  goal  of  both  of  these  approaches  was  to  examine  the 
extent  to  which  diagnostic  monitoring  for  cognitive  workload  can  be  achieved  using 
hemodynamic  measures.  The  primary  neurophysiological  method  that  was  used  was  Transcranial 
Doppler  Sonography  (TCD),  but  we  also  demonstrated  the  feasibility  of  using  a  new 
hemodynamic  measure  that  can  be  used  to  measure  cognitive  load  during  vigilance  tasks.  The 
new  technique,  called  functional  Tissue  Pulsatility  Imaging  (fTPI),  measures  tissue  which  has 
higher  backscatter  than  blood.  Eor  this  reason,  tissue  from  specific  regions  of  the  brain  can  be 
viewed  and  analyzed,  which  overcomes  the  low  spatial  resolution  of  TCD. 

5.2  Training  and  collaborative  activities 

Three  doctoral  students,  Kelly  Satterfield,  Raul  Ramirez,  entered  the  program  in  Pall 
2011  and  have  been  consistently  working  on  Centec  related  projects.  Eor  example,  Kelly  has 
taken  the  lead  on  projects  evaluating  the  workload  of  the  MMC  and  has  been  instrumental  in 
facilitating  the  collaborative  efforts  between  Tyler  Shaw  and  Victor  Pinomore.  Raul  Ramirez 
has  been  carrying  out  studies  further  examining  the  vigilance/CBPV  relation  from  an  individual 
differences  vantage  point,  including  the  effects  of  extrinsic  motivation  on  vigilance  performance. 

There  is  also  strong  evidence  of  collaboration.  Almost  45%  of  the  publications  produced 
under  this  project  area  featured  an  author  from  WPAPB.  One  of  the  students  funded  under  this 
project  area  interned  for  a  summer  at  WPAPB  (Kelly  Satterfield).  At  WPAPB,  Kelly  interned 
worked  in  the  laboratory  of  Drs.  Greg  Punke  and  Adam  Strang. 
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Project  6:  Training  the  Brain  (Greenwood  and  Parasuraman) 


6.1  Research 


CENTEC  support  has  allowed  us  to  extend  our  previous  work  on  cognitive  training  using 
laboratory  tasks  of  perception  and  memory  to  training  on  simulations  of  military  missions. 
Without  CENTEC  support  and  collaboration  with  Richard  McKinley  at  WPAEB,  we  would  not 
have  had  access  to  the  military  simulations.  Such  simulations  are  complex  multi-tasks  which 
allowed  us  to  look  at  effects  of  transcranial  direct  current  stimulation  (tDCS)  on  subtask 
performance.  These  simulations  are  also  cognitively  demanding,  which  revealed  the  presence  of 
subgroups  in  our  participants  with  high  and  low  performers  responding  differently  to  tDCS. 

Over  the  course  of  CENTEC,  Project  6  has  investigated  ways  to  train  mind  and  brain  that 
support  the  Air  Eorce  mission  of  enhanced  human  effectiveness  in  air,  space,  and  cyberspace 
operations.  Several  strands  of  investigation  made  up  our  line  of  research  on  training  the  brain. 

One  strand  of  our  research  efforts  concerns  the  particular  advantage  of  perception  training 
for  inducing  far  transfer  of  training.  The  ‘holy  grail’  of  cognitive  training  is  far  transfer  to  fluid 
intelligence,  but  such  transfer  has  not  been  consistently  demonstrated.  In  one  of  the  few  studies 
to  directly  compare  the  effectiveness  of  different  types  of  training  regarding  transfer  to  fluid 
intelligence,  we  found  6  weeks  of  perception  training  to  be  more  effective  than  reasoning  or 
multi-task  training  (Strenziok  et  ah,  2014).  We  also  investigated  this  in  an  ongoing  follow-up 
study  (Harwood  et  ah,  2015).  Perception  training  has  been  a  relatively  neglected  approach  as 
most  investigators  of  far  transfer  of  cognitive  training  have  used  working  memory  training. 
However,  our  findings  are  consistent  with  those  from  some  recent  studies  of  perceptual  training 
from  two  other  research  groups.  This  evidence  has  led  us  to  advance  the  hypothesis  that 
perception  training  improves  the  attentional  control  that  we  argue  is  critical  to  induce  far  transfer 
of  training  to  fluid  intelligence  (Greenwood  &  Parasuraman,  2015).  The  field  of  cognitive 
training  is  lacking  in  theory  and  ours  is  the  first  comprehensive  hypothesis  aimed  at  guiding 
research  into  the  fundamentals  of  cognitive  training  and  transfer  of  training. 

A  second  strand  of  our  CENTEC-supported  research  efforts  on  training  the  brain  concerns 
the  use  of  direct  current  stimulation  (tDCS)  to  facilitate  cognitive  training.  We  have  a  number  of 
findings  from  this  work  finding  that  tDCS  not  only  facilitates  cognitive  training,  but  also  affects 
brain  function.  Eric  Blumberg  found  that  tDCS  rapidly  heightened  motion  perception  (Blumberg 
et  ah,  2015).  Melissa  Scheldrup  conducted  several  studies  finding  tDCS  facilitated  acquisition  of 
complex  multi-tasks  (Scheldrup  et  ah,  2014)  including  a  multi-tasks  simulation  of  aircraft  carrier 
defense  (Scheldrup  et  ah,  2016).  Those  studies  found  effects  of  tDCS  on  only  one  of  the  two 
subtasks,  and  only  in  low  performers.  High  performers  were  unaffected  by  tDCS.  Thus  these 
difficult  military  simulations  revealed  more  complex  effects  of  tDCS  than  are  typically  reported. 
Two  studies  have  found  that  tDCS  affected  not  only  task  acquisition  but  also  brain  function. 

Dean  Cisler  found  that  tDCS  promoted  far  transfer  of  working  memory  training  to  Gf  but  in  a 
manner  related  to  brain  functional  connectivity  changes  (Cisler  et  ah,  2014).  Brian  Ealcone  found 
that  tDCS  increased  functional  connectivity  in  parietal  cortex  in  a  manner  related  to  improved 
search  performance  in  a  search-and-rescue  simulation  (Callan  et  ah,  2016;  Ealcone  et  ah, 
submitted). 
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A  third  strand  to  our  research  efforts  on  training  the  brain  involves  automated  decision 
making  during  training  (Scheldrup  et  ah,  2014,  2016).  This  work  is  currently  being  conducted  in 
collaboration  with  Lincoln  Labs  at  MIT  using  the  “Strike  Group  Defender:  The  Missile  Matrix  ” 
task,  a  simulation  of  surface  electronic  warfare. 

A  fourth  strand  to  our  research  efforts  on  training  the  brain  involves  investigating  the  role 
of  placebo  effects  in  cognitive  training  studies.  We  obtained  convincing  evidence  that  apparent 
cognitive  training  effects  could  be  obtained  in  participants  recruited  with  a  suggestive  flyer 
(“studies  have  shown  that  working  memory  training  can  increase  fluid  intelligence”)  who 
showed  a  strong  prior  belief  in  the  malleability  of  IQ.  Participants  recruited  neutrally  did  not 
show  training  effects  (Foroughi  et  ah,  2016).  This  work  is  important  for  showing  not  only  the 
importance  of  careful  experimental  control  to  avoid  placebo  effects  sin  cognitive  training  studies 
but  also  the  importance  of  understanding  participant  expectation  in  cognitive  training  effects. 

6.2  Training 

A  number  of  graduate  students  worked  on  Project  6.  Doctoral  students,  Brian  Falcone  and 
Ryan  McKendrick,  were  recruited  as  “Air  Force  scholars”  in  Year  1  of  CENTEC  and  Brian 
Kidwell  was  recruited  later.  All  contributed  strong  work  to  this  project.  Project  6  also  required 
the  training  of  several  Masters  students  Dean  Cisler,  Amanda  Harwood,  and  Aaron  Booth  (all 
now  doctoral  students). 

6.3  Collaborative  activities 


Our  main  collaborator  on  the  tDCS  work  has  been  Richard  (Andy)  McKinley  at  WPAEB. 
We  visited  his  lab  a  number  of  times  over  the  life  of  CENTEC  and  he  has  provided  us  (and 
helped  set  up)  with  several  Air  Eorce-relevant  simulations  that  we  have  used  in  our  studies 
(Warship  Commander,  Cyber  Defense).  We  have  continued  our  collaboration  with  Marom 
Bikson  of  CUNY,  who  modeled  the  electrical  field  for  our  tDCS  stimulation  montages.  Another 
important  collaborator  has  been  Dan  Callan,  of  Osaka  University  in  Japan  who  has  been  a 
mentor  to  our  graduate  student  Brian  Ealcone.  We  are  also  collaborating  with  Reed  Jensen  at 
MIT’s  Lincoln  Laboratory.  Doctoral  student  Melissa  Scheldrup  developed  a  collaboration  with 
that  group  involving  automatic  decision  making  for  the  simulation  “Strike  Group  Defender:  The 
Missile  Matrix.”  This  simulation  of  defense  against  antiship  cruise  missiles  was  named  best 
serious  game  in  the  “Serious  Games  Showcase  and  Challenge”  in  2014.  The  collaboration  will 
be  continuing  into  this  fall. 

Conclusions/  Other  direct  and  indirect  benefits 

In  addition  to  the  work  reported  above,  it  is  also  worth  mentioning  that  CENTEC  offered 
many  other  direct  and  indirect  benefits  to  George  Mason  faculty  and  students.  One  of  the  more 
direct  benefits  has  been  in  the  training  and  support  CENTEC  provided  for  George  Mason 
students.  At  least  1  post-doc,  15  doctoral  students,  and  3  Masters  students  have  been  formally 
funded  during  the  life  of  the  grant.  In  addition,  several  students  at  the  doctoral,  MA,  and 
undergraduate  level  were  affiliated  with  CENTEC  but  did  not  receive  formal  support.  To  that 
end,  CENTEC  directly  contributed  to  the  education  and  training  of  those  students,  and  in  several 
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cases  offered  a  focus  for  doctoral  research  in  neuroscience  and  human  factors.  In  addition,  the 
establishment  of  CENTEC  offered  an  infrastructure  to  conduct  research  on  the  application  of 
neuroscience  to  critical  issues  in  human  factors.  That  infrastructure  facilitated  lasting 
collaborations  between  personnel  at  GMU  and  AERE.  An  additional,  important  indirect  benefit 
of  the  CENTEC  award  was  to  assist  researchers  at  CMU  in  conducting  high  quality  cognitive 
neuroscience  research.  One  effect  of  this  was  to  provide  the  basis  for  an  application  to  the 
National  Science  Eoundation  Major  Research  Instrumentation  program  for  funding  for  a  new  3T 
Prisma  Magnetic  Resonance  Imaging  scanner.  We  were  successful  in  obtaining  this  award,  worth 
$2.3  million,  and  we  anticipate  installation  of  the  new  scanner  in  2017. 
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7.6 


Special  Issue  of  Neuroimage  on  “Neuroergonomics:  The  Brain  in  Action  and  at 
Work.” 


This  special  issue  represents  a  key  development  relevant  both  to  the  research  and 
collaboration  goals  of  CENTEC.  There  is  a  strong  need  for  a  special  issue  on  the  topic  in  a  high 
impact  cognitive  neuroscience  journal.  While  neuroergonomics  is  increasingly  well  known  in  the 
human  factors  area,  it  is  not  yet  well  represented  in  the  mainstream  neuroscience  literature. 

Accordingly,  CENTEC  Director  Raja  Parasuraman  made  an  initial  inquiry  to  the  editors  of 
two  high  profile  journals  in  cognitive  neuroscience.  The  Journal  of  Cognitive  Neuroscience  and 
Neuroimage  regarding  the  possibility  of  a  special  issue.  Both  editors  were  positive,  but  the  first 
journal  declined  because  they  no  longer  publish  special  issues.  The  editor  of  the  second  journal. 
Neuroimage,  was  enthusiastically  positive. 

Eollowing  initial  inquiries,  discussions,  and  a  review  by  the  editor  and  publishers,  the 
special  issue  is  now  planned  for  2011,  with  14  invited  papers  to  be  submitted  by  Eebruary  2011, 
and  a  publication  date  of  about  September  201 1.  An  exciting  aspect  of  the  special  issue  is  the 
agreement  of  Dr.  Michael  Posner  to  write  a  commentary  article.  Dr.  Posner  is  particularly 
appropriate  given  that  he  is  both  a  highly  regarded  pioneer  of  human  performance  research  (e.g., 
Pitts  &  Posner,  Human  Performance,  1969)  and  is  considered  a  “father”  of  the  cognitive 
neuroscience  revolution  (Posner  &  Raichle,  1994). 

The  papers  of  the  special  issue  will  describe  how  research  and  practice  in  the  field  of 
human  factors  and  ergonomics  can  be  enriched  by  consideration  of  theories  and  results  from 
neuroscience — in  particular  non-invasive  neuroimaging,  brain  stimulation,  molecular  genetic, 
and  computational  techniques.  In  turn,  the  papers  will  show  how  neuroergonomics  offers  another 
example  of  translational  neuroscience — as  applied  to  normal  populations  engaged  in  work, 
transportation,  and  other  everyday  activities,  as  opposed  to  applications  to  clinical  populations 
and  medicine. 

List  of  Invited  Authors  and  Topics  ( CENTEC  and  AERL  contributors  shown  in  bold). 

Editorial.  Parasuraman,  Christensen,  and  Grafton. 

1.  Attention,  biological  motion,  and  action  recognition.  Thompson  and  Parasuraman, 

George  Mason  University. 

2.  Decoding  intention:  A  neuroergonomic  perspective.  Grafton  and  Tipper,  University  of 
California,  Santa  Barbara. 

3.  A  selective  review  of  simulated  driving  studies:  Combining  naturalistic  and  hybrid 
paradigms,  analysis  approaches,  and  future  directions.  Calhoun  and  Pearlson,  University  of 
New  Mexico. 

4.  Optical  brain  monitoring  for  operator  training  and  mental  workload  assessment.  Ayaz  et  ah, 
Drexel  University. 

5.  EEG  metrics  for  within  and  cross  task  workload  classification  with  an  artificial  neural 
network.  Baldwin  and  Penaranda,  George  Mason  University, 

6.  The  effects  of  day-to-day  variability  of  physiological  data  on  operator  functional  state 
classification.  Christensen  et  ah.  Air  Eorce  Research  Eaboratory. 

7.  Cross-subject  workload  classification  with  a  hierarchical  Bayes  model.  Hope  et  ah, 
Rensselaer  Polytechnic  Institute. 
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8.  Individual  differences  in  cognition,  affect,  and  performance:  Behavioral,  neuroimaging,  and 
molecular  genetic  approaches.  Parasuraman  and  Jiang,  George  Mason  University. 

9.  Individual  differences  in  cognitive  style  and  strategy  predict  similarities  in  the  patterns  of 
brain  activity  between  individuals.  Miller  et  ah.  University  of  California,  Santa  Barbara. 

10.  Neural  decoding  of  collective  wisdom  with  multi-brain  computing.  Eckstein  et  ah. 
University  of  California,  Santa  Barbara. 

11.  Computational  neuroergonomics.  Liu  et  ah.  University  of  Michigan. 

12.  TDCS  guided  using  fMRI  significantly  accelerates  learning  to  identify  concealed  objects. 
Clark  et  ah.  University  of  New  Mexico. 

13.  Modulating  the  brain  at  work  using  noninvasive  transcranial  stimulation.  McKinley  et  ah. 

Air  Force  Research  Laboratory 

14.  Effects  of  training  strategies  implemented  in  a  complex  videogame  on  functional 
connectivity  of  attentional  networks.  Voss  et  ah.  University  of  Illinois,  Urbana-Champaign. 

15.  Expanding  horizons  in  ergonomics  research.  Posner,  University  of  Oregon. 
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